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ABSTRACT

The utilization of solar photovoltaic (PV) energy in water pumping is conservative particularly
in isolated regions where the cost of transmission of power is either impractical or exorbitant.
In this research work, various topologies for solar PV array fed water pumping are developed
using a permanent magnet synchronous motor (PMSM) motor drive. A high efficiency PMSM
substantially reduces the size of PV array and hence its installation cost. Moreover, its high
power factor results in a reduced capacity of the used voltage source inverter (VSI). Besides
these, unlike an induction motor, the speed of a PMSM is not limited by power frequency. This

leads to a reduced size of the motor.

A reduced sensor based simple, efficient and cost-effective PMSM drive is investigated with
sensor-less field oriented control. The estimation of rotor speed and position, is carried out
through the stator flux. The system possesses a maximum power point tracking (MPPT) of the
PV array by introducing a DC-DC boost converter between the PV array and a VSI, feeding
the motor. The work is extended towards an elimination of DC-DC converter and a single stage

PV array PMSM drive is also investigated for water pumping.

The recurrence in PV power generation leads to an unreliable water pumping in a PV based
pumping system. This problem is aggravated when there is a bad climatic condition. In all these
conditions, the system is underutilized as the pump is not operated at its full capacity and
sometime leads to complete shutdown. This problem is resolved through the introduction of an
auxiliary power source in the form of a battery storage. In addition to it, an attempt is made for
integrating unidirectional and bidirectional converters to the utility grid. The bidirectional
power flow control based topology offers an additional merit of feeding power to the utility
grid by the installed PV array, in case the water pumping is not required. The prime attention

is to achieve an uninterrupted and full volume of water delivery irrespective of the operating



conditions, whether day or night. These proposed techniques with PV array provide a practical
solution for electricity generation and an economic liberty for the consumer through sale of
electricity.

All these proposed configurations are modeled and simulated in MATLAB/Simulink
environment by using Simpower system toolbox to study the performance during various
environmental conditions realized by change in insolation and the operability of the system is
justified during starting, dynamic and steady state conditions. Simulated results are verified
through test results obtained from hardware implementation using a developed prototype in the
laboratory. The applicability and commercial potential of proposed systems are justified by

their in depth analysis based on efficiency, cost, simplicity and performance.

Vi
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